Abstract -Poly(urethanes) having the structure of comb-shaped copolymers were synthesized from glycerol monostearate, poly(ethylene glycols) with M n = 300-6000, and 1,6-hexamethylene diisocyanate. Effects of the molecular mass of segments and of the contents of soft segments and side chains on both the glass transition temperature of the soft segment and on the melting point and the enthalpy of melting of crystalline phases involving soft segments and side chains were studied by DSC and IR spectroscopy. The resulting comb-shaped copolymers were shown to exhibit thermoplastic and hydrophilic behavior. It was demonstrated that the ultimate tensile strength, yield stress, and Young's modulus of copolymer films increase with an increase in the molecular masses of soft and hard segments with their ratio maintained constant.
INTRODUCTION
The incorporation of long side chains into polymers makes it possible to impart new properties to them [1] [2] [3] . This modification procedure has found an increasing application for the synthesis of new poly(urethanes) (PURs) from polyesters and polyethers. Thus, PURs containing N-substituted nitrostilbene side chains demonstrate electrooptical behavior [4] . Long side chains contained in the structure of PURs noticeably increase their hydrophobicity and biocompatibility [5] [6] [7] [8] . The synthesis of liquid-crystalline PURs bearing hydrophobic octadecyl, hexadecyl, or dodecyl groups was described in [9, 10] . Liquid-crystalline PURs containing mesogenic groups with six or nine methylene moieties were prepared [11] . Derivatives of 1,2-propanediols, for example, glycerol monostearate [5, 6], 3-mercapto-1,2-propanediol [12] , or N-substituted diethanolamines [13] , were employed as chain extenders in the synthesis of segmented PURs having the structure of comb-shaped copolymers. In contrast to the widely used grafting of side chains onto the polymer backbone, in the above-cited publications, side chains were incorporated into the structure of segmented PURs during the synthesis. Reactions of diisocyanates with macrodiols or chain extenders containing side chains with preset structure and length were used for this purpose.
In this paper, we report our data on the effects of the molecular mass of soft ( M ss ) and hard ( M hs ) segments, as well as of the amount of side chains ( N sc ) situated at the hard segment, on the thermal behavior and mechanical properties of segmented PURs having the structure of comb-shaped copolymers. Poly(ethylene glycols) (PEGs) with M n = 300-6000 were involved in the formation of soft segments, while hard segments of these PURs were formed with the use of glycerol monostearate (GMS) as a chain extender through its interaction with 1,6-hexamethylene diisocyanate (HMDI). Soft segments of these segmented PURs had a hydrophilic character, while hard segments were hydrophobic in nature.
EXPERIMENTAL
Since PEGs are very hydrophilic compounds, special attention during the synthesis of segmented PURs was given to their moisture content. It was shown that the evacuation of PEGs at 120 ° C was inefficient since the content of moisture was higher than 0.5 wt %, as determined by the Fischer method. In the synthesis of segmented PURs on the basis of these macrodiols, water was involved in reaction with isocyanate groups and formed biuret crosslinks. Only after multiple 
Synthesis and Properties of Hydrophilic

SYNTHESIS AND PROPERTIES OF HYDROPHILIC SEGMENTED POLY(URETHANES) 223
(repeated two to three times) azeotropic distillation with toluene was the content of water in PEGs less than 0.2 wt %. Then, thermoplastic films of segmented PURs were prepared. These films showed solubility in chloroform and methylene chloride. GMS was vacuum distilled before use (the content of the basic substance was 98%). Segmented PURs were prepared by the one-step method at NCO : OH = 1.1 : 1.0. For example, PEG 2000 (2.0 g, 1.0 mmol) was weighed in a 50-ml glass with a ground cover, then, GMS (1.43 g, 4.0 mmol) and anhydrous toluene (7 ml) were added. After dissolution at 70 ° C, the glass was purged with argon and HMDI (0.924 g, 5.5 mmol) and tin octoate (0.02 g) used as a catalyst were charged. After 30 min, the reaction solution was poured on a Teflon support. Upon evaporation of the solvent (after 2-3 h), the film was dried at 110 ° C over 2 h. The films thus prepared were stored in a desiccator over calcium chloride to avoid the absorption of atmospheric moisture.
The IR spectra of PURs were recorded on a PerkinElmer spectrometer using film samples cast on KBr prisms from a 2% polymer solution in anhydrous chloroform. Before taking the spectra, the samples were aged in vacuum at 30 ° C for 24 h.
The glass transition temperature T g , the melting point T m , and the melting enthalpy ∆ H m of segmented PURs were determined on a Mettler DSC-30 differential scanning calorimeter. During the first heating scan, the samples were initially heated at a rate of 10 K/min in the range of 20-150 ° C and then cooled at a rate of 100 K/min. The second heating scan was taken in the range from -100 to +150 ° C at a heating rate of 10 K/min.
The mechanical characteristics of PUR films were determined on a Zwick/Roell device at a cross-head speed of 120 mm/min. Measurements were made using 5-7 dumbbell-shaped specimens with thicknesses of 200-300 µ m.
RESULTS AND DISCUSSION
Segmented PURs derived from PEGs and GMS belong to the class of comb-shaped copolymers. These polymers differ from common graft polymers by the fact that their side chains having equal lengths are located regularly at hard segments. The structure of comb-shaped copolymers synthesized herein may be depicted by the following formula.
Two series of segmented PURs were synthesized and characterized. Samples of the first series (1-7) had a constant M ss = 2000 and differed in the contents of soft and hard segments. The second series of the samples (8-15) was prepared at a constant ratio of hard and soft segments of ~80 : 20; PEGs had M n = 300-6000. Table 1 summarizes the calculated structural parameters for the synthesized segmented PURs.
As is known, domains of hard and soft segments in segmented PURs show a tendency toward microphase separation. This feature is primarily determined not only by the molecular mass of segments but also by their thermodynamic compatibility. The latter may be judged from the calculated values of solubility parameters. Table 2 , the values of δ for hard segments are much higher than those of soft segments. Hence, it may be suggested that domains of these PUR segments will be prone to microphase separation.
The thermal behavior of the comb-shaped copolymers prepared herein was assessed from the results of DSC experiments. Typical DSC curves of the second heating scan are presented in Fig. 1 . It is seen (curve 1 ) that the comb-shaped copolymer derived from GMS Table 1. 
